Objective: We examined the utility of the Birmingham Cognitive Screen (BCoS) in discriminating cognitive profiles and recovery of function across stroke survivors. BCoS was designed for stroke-specific problems across 5 cognitive domains: (a) controlled and spatial attention, (b) language, (c) memory, (d) number processing, and (e) praxis. Method: On the basis of specific inclusion criteria, this cross-section observational study analyzed cognitive profiles of 657 subacute stroke patients, 331 of them reassessed at 9 months. Impairments on 32 measures were evaluated by comparison with 100 matched healthy controls. Measures of affect, apathy, and activities of daily living were also taken. Between-subjects group comparisons of mean performance scores and impairment rates and within-subject examination of impairment rates over time were conducted. Logistic regressions and general linear modeling were used for multivariate analysis of domain-level effects on outcomes. Results: Individua...
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ABSTRACT
Objective: To review the predictive and discriminative value of cognitive profile from a screen (BCoS) for the long term functional and cognitive outcomes across groups of different stroke history and lesion sides. The screen assessed abilities across and within 5 domains: controlled and spatial attention, language, memory, number processing and praxis. Methods: Based on specific inclusion criteria, this crosssection observational study analysed cognitive profiles of 657 sub-acute stroke patients, 331 of them reassessed at 9 months. Impairment on 32 measures were assessed by comparison to 100 matched healthy controls. Measures of affect, motivation, and activities of daily living were also taken. Between-subject group comparisons of mean performance scores and impairment rates, as well as withinsubject examination of impairment rates over time were conducted. Logistic regressions and general linear modelling were used to conduct multivariate analysis of domain level effects on outcomes. Results: Functional outcome at 9 months was reliably predicted by domain-level deficits in controlled and spatial attention and praxis, over and above initial dependency, concurrent levels of affect and motivation.
Predictions were increased when problems in controlled attention were included along with other domain measures. There was better recovery for patients after their first stroke than after multiple strokes, and better recovery for right hemisphere lesioned patients in praxis tasks which was not due to reductions in neglect. The sub-domain patterns of recovery across stroke/lesion types were also revealed.
Conclusion:
The results highlight the utility of developing a cognitive profile for patients for predicting outcome and to inform rehabilitation.
INTRODUCTION
Cognitive deficits are prevalence at the acute stage of stroke 1 . They interfere with the potential benefits of rehabilitation, impact on recovery [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] and associate with a poorer quality of life [14] [15] [16] and depression 13, 17 . to address these as a time efficient, inclusive and comprehensive assessment for stroke. BCoS's principles and designs, validity and reliability are published elsewhere [28] [29] [30] . The current paper reports data from a large-scale trial assessing the utility and functional predictive value of BCoS across a population of sub-acute stroke patients. We first examined the behavioural profiles and patterns of recovery of the patients by their stroke history (first stroke or repeated stroke), and whether the stroke affected the left or right hemisphere 31 . We then examined the utility of BCoS for predicting functional outcome at 9 months, controlling for affect and initial dependency level. Results 657 participants were included in the analyses. 455 (69%) were survivors of first stroke and 202 (31%) had had a previous stroke. Table 1 shows the demographic and health measures details of the participants, comparing across groupings of interest. We assessed whether stroke history (first or repeated stroke) and unilateral lesion side (left hemisphere or right hemisphere) affected cognitive ability and recovery (BCoS performance) after stroke (Part 1). We then evaluated whether longer-term functional outcome could be predicted by cognitive performance at subacute stage (Part 2), and whether there were gains from examining co-occurring deficits (Part 3).
METHODS

Part 1: Stroke factors linked to cognitive outcomes.
First vs. repeated stroke effects. There was no difference in age, gender and education across patients with their first or a repeated stroke. Patients who had a first stroke were tested later than those who had a repeated stroke (mean difference = 6 days, p<0.001). Numerically, there was a trend for higher levels of depression in repeated compared to first stroke patients but this did not reach the corrected level of significance. No other significant group difference was found.
Overall, the cognitive performance of the first and repeat stroke groups was very similar at baseline. Both groups completed an equal number of BCoS tasks (Table 2) and there were no group differences at either the cognitive domain level (all p>0.01, i.e. above the corrected level of significance 0.008, Table 2 ) or the task level (raw scores all p>0.002, Table 2 ; for the proportion of patients impaired: all p>0.002, Table 3 ).
Significant improvement (based on a reduction in the number of patients diagnosed as impaired) (Table 3) 
Left vs. right unilateral lesion effects in first stroke patients.
Grouping by unilateral brain lesion side revealed no differences in the demographic details, the initial functional performance and level of affect (anxiety, depression) across the groups (Table 1) .
Overall the LHD group had more cognitive impairments than the RHD group, completing fewer BCoS tasks (p<0.000) and showing a significantly worse performance in all cognitive domains with the exception of spatial attention (Table 2 ).
In the spatial attention domain, the RHD patients performed more poorly than the LHD individuals on the cancellation task (overall scores and lateralized error scores)
as well as on the left visual and tactile extinction tasks (all p<=0.001); individuals with LHD were more impaired in the right tactile extinction task (p<0.001). Lesion side was also significant when comparisons were made using rates of impairment (all p>0.05, except sentence reading p>0.002)
The LHD and RHD groups showed comparable extents of recovery (Table 3) (significant reduction of impairment in 4/32 measures for LHD and 6/32 measures for RHD patients). However, the LHD and RHD groups did differ in which specific tasks/domains improved ( Table 3) . Some of these differential patterns of recovery can be explained by the higher initial rates of impairment in some tasks leading to a higher probability of performance improvement (e.g. left visual extinction for RHD vs.
LHD patients). However, this was not the case for the sentence construction task, the rule finding and switching task and the MOT task, where in each instance both groups started with similar rates of impairment but only the RHD group showed significant recovery; also the RHD group was less impaired initially at imitation but showed greater improvement.
Part 2: Cognitive predictors of functional recovery in first stroke patients
There was a trend for followed-up patients to have more years in education (mean difference 0.6, p=0.022) and to be more depressed than those not followed up (p=0.017)(not significant corrected)( Table 1) . No other significant differences were found on the demographic, initial functional and affective characteristics of the groups. Concerning the initial cognitive profile, no significant difference was found between the follow-up and non-follow-up groups (table e-2).
Using as predictors the overall cognitive impairment at initial assessment (i.e. the proportion of tasks impaired), and controlling for the initial Barthel, follow-up HADS scores and follow-up apathy scores, the proportion of BCoS tasks impaired was an significant predicting factor for the NEADL score (B(SE)=-3.47(1.22), beta=-0.173, p=0.005) ( Table 4) .
We then used as a predictor a domain level diagnosis: "impaired" when performance on any one task was impaired, or not completed within a domain, versus "not impaired" when performance was unimpaired on all tasks within a domain (Table 5 ).
Three domains were significant predictors of the NEADL score: spatial attention (Lambda=0.920, p=0.001), controlled attention (Lambda=0.959, p=0.036) and praxis (Lambda=0.919, p=0.001). No predictors were found for the follow up Barthel scores.
Part 3: The importance of co-occurring deficits
To examine the impact of co-occurring deficits in controlled and spatial attention, we assessed performance within the domains that predicted the NEADL (namely spatial attention, controlled attention and praxis; see Table 5 ) and evaluated whether the variance accounted for in the NEADL increased for the praxis domain when the attention domains (spatial and controlled) were taken into account. Variance in the NEADL at 9 months was better accounted for when the attention domains were 
Discussion
The BCoS provides a cognitive screen for stroke that is relatively time efficient (completed in around 1 hour) and inclusive (90% of patients tested at a sub-acute stage were able to complete >75% of tests designed to be 'aphasia and neglect friendly'). It provides a 'cognitive profile' for patients covering language, memory, number processing, praxis and spatial and controlled attention. Our results indicate that (i) there were differential effects of whether patients have suffered their first stroke or had a repeat stroke, (ii) and whether the stroke affected the left or right hemisphere, while (iii) overall cognitive performance predicted outcome at 9 months, taking into account the initial functional performance score (the Barthel index) and affective characteristics (depression, anxiety and apathy measures). We consider each point in turn.
First vs. repeat stroke
There were no reliable differences in overall cognitive performance in patients who suffered their first stroke relative to those who had a prior history of stroke, and for all patients the spatial attention and verbal memory problems were most persistent (showing fewest gains in terms of the patients who were impaired at follow-up compared with the initial test). There were interesting differences however in the numbers of patients who did and did not show recovery. In particular, more firststroke patients went from an impaired to a non-impaired category relative to patients with repeat strokes. This was not due to initial differences in task performance, overall physical function (Barthel index) or age (the groups did not differ on any of these variables). There was also no difference in the initial time of testing between patients who did and those who did not show recovery (t(329)=0.485, p=0.612) and nor did the recovering and the non-recovering patients differ in their initial affect (Anxiety, t(311)=-0.967, Depression, t(311)=-0.293). This last result means that the lack of recovery after repeat stroke is unlikely to reflect purely motivational factors.
One alternative account is that neural plasticity decreases after there has been an earlier neurological insult. This speculative proposal requires further verification in experimental models, however it does fit with the relatively high incidence of dementia that can arise after stroke task, then an alternative possibility for is that, for this task, the presence of relatively spared language abilities in the RHD group enabled them to improve by using a verbal record of the actions carried out 37 . One result consistent with this is that the patients who improved on the rule and multiple object tasks tended to have better language functions than those who did not improve ( t(71)=3.320, p=0.002 and t(63)=2.516, p=0017, for picture naming and sentence construction).
Predicting functional outcome
Previous studies have indicated that functional outcomes can be accounted for by measures of cognitive deficits 13 . Similar to these studies, we demonstrated that an easy-to-derive index from BCoS, the number of sub-tests where an impairment was detected, predicted our primary outcome measure of function at 9 months -scores on the NEADL. Predictions from the BCoS occurred over and above effects due neuropsychiatric symptoms (depression, anxiety and apathy) and both initial and longer-term motor impairment (Barthel index). The domains that were most effective for capturing the NEADL were spatial and controlled attention and praxis (Table 5 ). It is interesting that few other general screens for cognitive problems (e.g., the MOCA; the ACE-R ) provide specific measures of spatial attention and praxis and none (to our knowledge) capture the conjoint effects of working memory, selective and sustained attention as here. The results point to the important of measuring the problems of patients in these domains for predicting their longer-term outcome.
The finding that deficits in controlled attention predict functional outcome is also of interest because models of cognition suppose that aspects of the controlled attention tests interact with other processes to support different cognitive abilities. For example, working memory and sustained attention are important to support processes ranging from scanning the environment through to sentence comprehension and production 21, 38 , while attentional suppression (e.g., affecting the ability to ignore irrelevant stimuli) may facilitate multiple tasks where distractors are present 39 . Interestingly we found that we were able to account for more variance in our functional outcome measure (the NEADL) and language and spatial impairments at 9 months when deficits in controlled attention were modelled along with initial deficits in spatial attention and praxis. This points to the utility of using a battery such as the BCoS, which derives a cognitive profile including measures of working memory, sustained attention and executive function. This, when coupled with the inclusivity of the battery (e.g., for aphasic and neglect patients), the sensitivity to important clinical impairments after stroke (e.g., apraxia 28 
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